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Abstract

To prepare for more affordablc missionsin the
2 1st century, the National Acronautical and Space
Administration (NASA) has recently initiated the
Nc\v Millennium Program for space-validation of
sclected technologies that will cnable miniature
spacccraft and microinstruments.  Onc of the
candidate Ncw Millennium technologies is related
to the development of the 1 ntegrated Utility Module
(1UM) that integrate structuralintegrity, thermal
management, POWer distribution, data and signal
transmission, radiation andmetcoroid protection,
and other clectromechanical  functions into a
lightweight, compact, and cableless package.

This paper addresses the proposed development
of IUM technology. A fundamentalunderstanding
of the role to be played by thelUMs in the
development of future NASA miniature spacecraft
will be presented.  The cui lent state of the

supporting technologies wil | beassessed.  Major
technology challenges will be identilicd an d
discussed. A prcliminary sct  of  design

requirements, together with an example design
concept, willbe described and examined.

Introduction

Future NASA space programs will consist of
small spacecraft, To align with the increasingly

Copyright©1995 by the International Astronautical
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more stringent  space budget environment, these
21s! century miniature spacecraft must have
increased capabilities, higher launch rate, and
order- of-magnitude reduction of mission life-cycle
cost. This can only be achieved by revolutionary
changes to current spacecraft architecture design
and mission development approach which, in turn,
arc cnabled by intensive infusion of breakthrough,
high pay-off tcchnologics.

The process of identifying and assessing the
cnabling tcchnologies for future NASA missions
envisions a  versatile  and  cost-cflicient
microspacecraft of a modular architccture, i.e.,
consisting of anumber of functional building
blocks. The functionality of a building block may bc
on-board computation, data handling and storage,
powcr switching and distribution, avionics,
telccommunication, or any combination of these
functions. Such abuilding block can also be an
anlcuna, solar drray, Or microinstrument. Some of
the functional building, blocks may be mission-
specific and developed to mec( unique objectives,
but others may also be cOMMON to Many Missions
for handling similar spacecraft house-keeping
functions. The muiti-mission building blocks can
be designed and fabricated in quantity to achieve
significant reductions in recurring costs for the
missions. With wry few exceptions, such as the
antenna reficctors, propulsion tanks, and solar
arrays, dmost every functional building block is
basically a hardwai c asscmbly that comprises a
finitt ' number of mechanical, electrical, and
clectronic  components. Typicd  mechanica
hardware includes support, containment, and
protection structures, thermal control components,




cables, harnesses, and  connectors. The
clccwical/elect ronic components to be used in the
21s(-century microspacecraft and microinstruments
will most likely bc discrete high-density electronics.
These high-density clectronics arc generally in the
forms of two-dimensional multichip modules
(MCMs) and three-dimensional, stacked MCM
packages (i.e., MCM stacks).

There arc significant paralels in the technology
devetopment for future microspacecraft and that for
clectronics packaging and interconncection, both are
striving to put more functionality into smalier and
less expensive modules. Designers, using MCMs

module, called the Integrated Utility Module (IUM).

Utility is redefined to include structural support
and containment. load carrying capability, geometry
control, thermal management, power distribution,
data and signal transmission, radiation and
meteor 0id protection, and other clectromechanical
functions that arc essential to the proper functioning
of any spacecraft subsystem. AnTUM may carry a
single functional MCM stack or severd MCM
stacks aSillustrated in Figure 1. The development of
1UMs willtake full advantage of recent advances in
many technologies, including lightweight advanced
materials, multi-functional structures, autonomous
and miniature ther mal management, cableless
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Figure 1. An Examplc Integrated Utility Module

and MCM stacks, can now shrink wholc clectronics
boards down to the size Of individual parts. To
achicve fulladvantage 01 MCM-based clectronics in
meeting the goals of future NASA missions,
mechanical packaging of spacecraft and instruments
must be revolutionized. The  clec[rical/electronics
and mechanical systems, which arc traditionally
developed  scparately  prior 10 system-level
integration, must now bc designed, analyzed, and
devcloped in an completely intcgrated manner. This
need hasled to the vision that alt clectromechanical
utility functions for the MCM-based clectronics arc
packaged in a lightweight, compact, and cablcless

interconnects,  lligil-density  multi-chip-module
clectionics, and inteprated design analysis an d
simulation. 1tisbclicved that the iIUMS will enable
innovative Spacecraft and instrument systems
architecture and help achieve  order-of-magnitude
reductions Of spacccraflt mass, size, workmanship
anomalics, and mission iifc-cycle cost for future
NASA science missions. Itis aiso believed that the
IUM development should be coupled with the
development Of a design environment, in which the
threc major tools of computational intelligence;
fuzzy logic, ncural network, and genetic algorithm,
arcimplemented.




Onc of the mgjor challenges in developing the
UM technology refates  to  the  electrical
intcrconnectivity. ["here arc  two levels of
interconnects for the 1UM building blocks. The first
level concerns t h e interconnects for power
distribution and data Transmission between the
MCM stacks on the same IUM building block, as
well as between the MCM stack and mechanical
hardware.  The second level is the clectrical
interconnect between different IUM building blocks.
Today, wires, harnesses, and connectors provide the
interconnectivity between electronic parts, printed
wiring assemblies (PW As), and clectrical/clect ronic
subsystems. This interconnectivity is accomplished
through discrect wires bundled together to form
harnesses. These harnesses arc strewn throughout
the spacecraft or instrument and attached to the host
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mounted on the top and sometimes, bottom plane of
the PWA. Intcrconncection between the parts and
the PWA is generally accomplished through solder
attachnient Of the electronic part’s peripheral leads
to the I"'WA land patterns (solder pads). While this
fashion of interconnection is fairly robust and
reliable for past and current mission applications,
its application tO future microspacecraft and
microinstruments is not feasible due to: (1)
limitations on wiring density; (2) large mass, power
and volume requircments, (3) electromagnetic
interference (EM1), and (4) high touch labor
requircments

Data from past NASA missions has shown that
the cabling mass (i.c., the total mass of cables,
harnesses, and connectors) for a typical spacecraft
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Figurc 2 A Benefit Chart for Cableless Microspacecraft

and server systems viabulky NASA flight approved
conncctors. These connectors provide the interface
between electrical/electronics subsystems and the
harnessing. Once inside (lIC subsystem,
intcrconnection is accompl ished by several means,
including PWAs, solder joints, wirc bonding and
more discreet Wiring. Traditional PWA technology
isalmost exclusively used. PWAs usc a rigid
dielectric with copper foil traces o provide the
signal and power intcrconnect to electronic parts

represents 6- 10% of the total spacecraft dry mass,
scc Fipure 2. Of this mass, 30% is for interconnects
(e.g., solder joints and connectors). 1t should bc
pointed out that the electronics and other systems
aboard a microspacecraft arc reduced in size, the
ratio of spacecraft mass taken up by cabling of the
traditional designswould bc significantly higher.
This is clearly unacceptable. As to touch labor
requirements, although exact data related to cabling
Fabrication and asscmbly is not avaifable; it is




known to bea substantial portion of the touch labor
required for spacecraft and instrument production
and assembly, High touchlabor alSO adverscly
impacts the development schedule and willnot be
acceptable to future NASA missions thatdemand
rapid build and aggressive launch  frequency.
Reducing touch labor lowcrs the potenual for
workmanship anomalies and further reduces the
development cost and shortens the development
schedule by avoiding rework and repair.

The €lectrical, as well as the mechanical,
interfaces for the MCM stacks willbe standardized
such that a spacecraft functional lUM building
block can easily be reconfigured and reworked
without incurring Significant  cost and time.
However, to account for the potential need of M('M
stacks that have unique structural. thermal, o1
clectrical  requircments,  flexibility for rcady
tailoring and modifications witlbe considered in
designing the standardized MCM stack inlet-faces.
This consideration will also be extended to the
design of the inter-lUM interfaces.

Future microspacccraft and nocromstrun nents
require cableless interconnccts technology that s
both innovative and cost-cfficicnt o replace the
traditional cabling design. Without eap-liog
advancements in this area. itwillbe impossible [0
meet the mass, size, power, cost. and capability
requirements of New Millennium spacceraft and
futurc  microspacecraft  and  microinstruments.
Integration Of clectrical interconnects with thermal
management, into the support/protection structures
is being addressed at the MCM and the MCM stack
levels. Such an integration must be extended to the
interfaces between the MCM stacks and the 1UM
building blocks, as well asthe inter-1UM building
block interfaces, torcachthe goal Or building
cableless flight systems.

State of The Technotogy
Multi-functional (Intcgrated) Structures

The function of spacccraft siructures has
traditionally been to provide suppartand protection
for other components and su bsystcius and to keep
the spacecraft as @ coherent. functional  system
under external loads and pressure  Structural mass
canbec Upto25% o the dry mass of a spacecraft

depending upon its design and other factors,
including how the ter m “structures’ ”is defined. In
addition to making rigorous cfforts 1o reducce the
mass of structutes, spacecraft dc\' elopers have also
been interested in using the structures to do more
thanvonls the traditional function.  Spacecraft
desig ns that USC the outer bus walls as substrates for
solar arrays or as radiators for thermal
management, and that usc propellant tanks as part
of the core suuctures (this can be thought of using,
part of the core structures to contain fucl) are some
examples Or  the primitive  “multi-functional”
structures.

Asthe application ofgraphitc/epoxy composite
to spacecraft structures has reached its maturity,
morc sophisticated and innovative design concepts
of multi-functional structures have started to
cmerpe.  Many forms of smart (or adaptive)
structures, in which sensors and actuators arc
embedded in the graphi(c/epoxy composite layers
for enhanced responses to external loads, have been
developed and their effectivencss proven. Recently,
significant development cfforts have also been
mitiated to integrated electronics in layered
structures

Liglhhweight Advanced Materials

Duc tolaunct | miass limitations, the search for
lighter and better space structural materials has
been a continual effort of the acrospace community.

Currently, several structural materials with ultra
low density and enhanced electrical and thermal
prope rlics are being developed and evaluated. Silica
acrogcl composites. silicon carbide, and thin film
matcrials for balloon and inflatable structures arc
some O the examples,

Silicon carbide technology has been developed
to e stage that actual applications in spacecraft
and instrument arc feasible. Specifically, hol-press
silicon carbide was selected for the Pluto Integrated
Camera Spectrometer (PICS) optical elements and
structural components because of its good thermal
conductivity,  high  specific  modules  and
dimensional stability. A materials characterization
cflortaimed at establishing mechanical property
databases for silicon carbide and the structural
joints andattachmer ltsused in silicon carbide parts
has recently been completed  Processing methods




arc aso being devcloped to make laycred silicon
carbide structures.

Silica acrogcl/epoxy composite is another
exciting lightweight advanced structural material
worthy of further investigation. This material has
recently found its application for the Warm
Electronics Box (WEB) for Mars Row. Silica
acrogcl/epoxy has cxtremely low density and low
thermal conductivity allowing Mars Rover to
achicve its thermal, structure and mass objectives

Autonomous Thermal Management and Miniature
Thermal Control

To reduce flight opcrations cost, highly
autonomous, or “thinking”. spacecraft arc being
planned for future NASA spacecraft. An important
clement of spacecraft autonomy iS autonomous
thermal management (ATC), which enables thermal
control devices to react, real-time and without being
ordered by up-link commands, to the actual flight
environments to maintain optimum  temperature
levels for various opcrational modes. The main
benefit of ATC is to minimize the power required
f or thermal control, which iS traditionally the
biggest power users among all spacccraft
subsystcms. Currently, spacecraft thermal
management is sct on the ground by design and test.

I’here is very little existing capability 10 make in-
orbit adjustments t0 temperature levels, healer duty
Cycle, cte.

The miniaturization of thermat control clcV'ices
and components is esscntial for microspacecraft and
microinstruments, which allow for much smaller
mass and space for all subsystems.including
thermal control, Additionally. miniature thermal
control devices, such as miniature heat pipes and
thermal switches, arc needed to efliciently remove
heat generated by densely packed chips from MCMs
and MCM dlacks. Duc 10 the strong demand for
consumer electronic products such as note-book
computers, Significant rescarch and development
efforts continuously being undcrtaken by the
universities and industry companies in various
thermal  control  techrology  arcas.  including
advanced thermal management rescarch for
commercia high-density clectronics; smart thermal
coatings; Micro phase change materials; miniature
heat pipes; and ultra high thermal conductivity

substiates.  The proposed IUM cffort will take full
advantape of thesc and other on-going research
work. but will focus more on the hardware and
software development of compact, efficient
autonomous thermal management that employs
thermal control devices and components embedded
in the multi-functional structures.

High-Density.
Interconnection

Flectronics Packaging and

Traditional space clectronics USC nonstandard
form factors designed 10 meet the unique
requitements of individual spacecraft.  Size and
weight requirements  for the New Millennium
electronics will further restrict usc of current
standard form factors for electronic packaging and
interconncection (e. g., surface-mounted parts on a
printed wiring board with traditional back plane).
However, the aggressive schedule and cost profile
for the New Millennium Project support the usc of
standardized form factors and interfaces for the
clectronic packaging and interconnection.  This
dichotomy betweenthe usc of nonstandard
clectronics arid standardized electronic packaging
and interconnection will be addressed by the IUM
development tcam. industrially developed high-
densily interconnects and  packaging techniques
must be leveraged (o the fullest  extent possible.
Technologics such as the chip’s first approach,
fusible substrates, low-tcmperature cofired ceramic,
chemical-vapor-deposited diamond films, flexible
interconnects, and photouics should be assessed for
incorporation into  standard architecture for
clectionics. Furthermore, the high-volume
applications and existing infrastructure of these
technologics  Will help narrow the dichotomy
between customized electronics anti the industry -
cstablished standards.

Micro-interconnection technologies will be the
primary thrust of this development activity. With
the high-performance MCMS on board NASA
microspacecrafl, propagation delays due to large
gconictry interconnects will provide a performance
barrier. In addition, techniques must be developed
whichwill allow anarray Of interconnect.s 10 bc
used on a single substrate. Material properties and
manufacturing processes will need to support solder
attach. adhesive attachment (including elastomeric),




tape automated bonding , “zero” inscrtion force type
connections and fine-pitch wire bonding.

Flexibility of the interconnection selection will
be akey factor in creating a standardized clectronic
packaging and interconncction architecture for the
1UM building blocks. The basic technology for
high density packaging based upon the MCMS is
sufficiently mature and itistheright time to start
considering standardization of power and data
interconnects for futurc microspacecraft  and
microinstruments. The gencral approach would be
to utilize aluminum or copper metallization for
power distribution and polymer diclectric for data
transmission. The polymer would be sclected to
optlimizc operating speed. Stacked MCM modules
would employ silicon as the substrate material and
direct dic attach methods be used - such as bumping
directly on the bonding pads. in addition, micro-
machining techniques would be applied 10
incorporate optical waveguides for opto-coupling to
cnhance speed and lessen susceptibility to E M1,
However, state of the artfor power and data
interconnects willbe used toits limits and these
limits will need to be advanced.  For example,
copper metallization has been used in some MCMs
for its higher current carrying capacity but higher
yield and more reliable processes will be needed.
The advantages of thin diamond film will be further
developed and its thermal proper-(ic,s more
accurately characterized. Designs — incorporating
direct active cooling of chips cither through [heir
immersion in a heat transfer fluid or the flow of
such a fluid through passages in the supporting
substrate will be considered in cases involving
relatively high power dissipation. IFusible substrates
afTord extensive flexibility in the substrate  design.
but their effects on many issues, including failure
modes, upscts and manufacturability  require
asscssment. in addition, the frne-line, thin-film
laminate, and thin-film-dcposited substrates need (o
be studied in achieving the interconnection  density
required for the interconnection layers of the (UM
building blocks,

Integrated Design Environment

The state of design technology today is an
aggregate Of design tools that generate @ wealth of
disparate data scts that do not fit well into
consistent intcgrated analysis structures.  Current
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technology dots not address the complex questions
of capturing design intent and the decisions that
lead to a design.  Anintensive effort is nceded to
develop the technologies that allow us to capture
designintent, provide for easy generation of design
alternatives, facilitate systematic search of the
design space and virtual design environment tools
for TUM building blocks.

Over the pasttwo decades, computer Aided
Design (CAD) hasmiatured as amajor forcein the
design of hardwarce and softwarc. However, much
of the cost of the design effort for a large DoD or
acrospace project IS involved with requirements
generation and analysis of design alternatives,
manufacturability, documentation ctc. Little has
been done to make these other tasks less expensive
through the use of modern computers.

A single database can be controlled and
remoy cs the ambiguity of multiple designs going on
al once.  The challenge is to maintain and
manipulate this database as it evolves over time
fromyprojectstaittopioject end. Many commercial
tools arc available to manage specific program
databusc parts, but (here is no available system
whichintegrates them into ascamless environment,
and fucilitates the analysis within this integrated
environment, At the Jet propulsion Laboratory
(JPL), the users of the Project Design Center (PDC)
and  the Multidisciplinary Intcgrated D esign
Assistant for Spacccraft (MIDAS) arc proposing a
collaborative cffort that addresses these needs for
the IUM designers

The major feature of the PDC at JPL is the
information system concept. The system (hardware,
software, network. ctc. ) is used to manage the
processes and datainvolved in the overall project
developmentand industrial manufacturing process.
Integ ration of proven  off-the-shelf commercial
software tools and modern workstations enables
sharing of project data and cnliances concurrent
engincering capabilities during all phases of a
project’s development and operation. MIDAS tool
\vas onc of the furst attempts at JPL, to create an
integrated design environment. MIDAS allows the
construction of a relational  database of
specifications,  previous  designs, purchased
hardw arc, and analysis tools to enable development
of ancw project design based on a set of input



requircments. The proposed PDC/MIDAS  cffort
would result in anintegrated design facility which
would automate many designs and produce a set of
enginecring drawings of components which would
be highly manufacturable, testable and cost
effective. 1t would dcliver test plans, purchasing
orders, opcrational manuals, specification
documents and the whole gamut of design
deliverables. Successful development of such an
intcgrated design ecnvironment will reduce the
current life cycle development of spacecraft from six
years to six months and at the same time improve
the quality of designs.

More recently, NASA is planning to bring
computational intelligence into its design and
development processes for spacecraft and flight
instruments, as well as for acronautics and high-
spced space transports. It IS expected that an
integrated design convironment argumented by
computational intelligence tools such as fuzzy logic,
artificial neural networks, genetic algorithms, and
hybrids tools (e.g., ncuro-fuzzy modcling ), will
have enhanced capabilitics related (o uncertaintics,
nonlincarity, and optimization.

Development Roadmap

The development of the proposed UM
technology should have dircctrelevancy to the New
Millennium missions.  This can bc achicyved by
infusing the IUM technology into the flight
hardware development of sclected New Millennium
clectromechanical instruments and subsystems that
arcMCM-based, An cxample candidate subsystems
is the Three-Dimensional Micro Avionics System
currently being devcloped by the Microclectronics
Systems IPDT f or the first New Millennium
mission. An important consideration for the final
selection Of target IUM technology applications is
the development schedule of the New Millennium
missions and associated subs~'stems, The timing
consideration has ledto the division of the proposcd
1UM technology developmentinto three phases,
each focused on dclivery of flight hardware 10 a
specific New Millennium mission:

+ The Phase 1 flight hardware delivery. intended
for the first New Millenniun mission of 41998
launch, will bc a single lUM building block
carrying onc or morc functional h4CM-based

micro-instruments, micro-sensors, and/or other
niicro-clectronic subsystems.  Development of
this 1UM building block will bc based on a
multi-functional structures design concept that
issimilartothe onc currently being developed
by L.ockhced Martin under the sponsorship of
the Air Force Phillips Laboratory. Depending
on the stiffness requirements, the base structure
of the IUM building block may not be of a
sandwich construction as in the current
l.ockheed Martin design. If a layered structure
is sclected for the [UM building block, the
material Will most likely to be a graphite-epoxy
composite. In addition to the multi-functional
structures technology, three important |UM
technologies will also bc incorporated into this
Phasc 1 building block: (1) cableless
interconnects for power distribution and data
[tansmission  between  the  MCM-based
subsystems and (hc multi-functional structure
of the building block; (2) miniature thermal
control Components and devices (e.g.,
miniature heat pipes, diamond stripes, and
phase change thermal storage) embedded in the
multi-functional structure; and (3) standardized
structural thermal, and electrical interfaces
betweenthe M['M-based components and the
multi-functional stru cture.

“the Phase 2 flight hardware deliV'cry. targeted
tosupporithesccond New Millennium  mission
10 bc launched around 1999, will consist of two
or mor e functionally interconnected 1UM
building blocks. The UM technologies to bc
infused into these spacecraft and/or instrument
building blocks will include: (1) multiple
functional  structures  constructed  with
lightweight advanced materials such as silicon
carbide composite; (2) inter-block structural
and ther mal interconnects; (3) inter-block
power distribution and data transmission
interconnects that arc compact and lightweight,
and need a minimum amount of touch labor;
(4) autonomous thermal management; (5)
improved thermal control components and
deviees: and (6) programmable chips that serve
as patch panels for power distribution, data
transmission, and therma  management.
‘Lechnology infusion of the last itcm will
stgnificantly reduce the number of power and



data wires and thermal control devices required
for the building blocks.

Phase 3, aimed at the 3rd New millennium
flight would entail incorporating all aspects of
UM inlo the spacecraft: ( 1) fully integrated
structure  and  electronics; (2) advanced
materials; (3) 1UM block to block interconnect;
(4) standardized inter-n]octrrlc connections with
programmable chips; and (5) autonomous
thermal management

Similar development approach will be used in
each phase to accomplish the technology and flight
hardwarc  development  goals. Each phased
development effort will define the syslcm-level
functional and design requirements for the UM
building block or blocks bascduponithe
requirements of the individual mission. T he
requircments  for power distribution and data
[transmission arc subsystem- ot instrument-specific
and will drive the wiring design within an
individual ITUM building block slid the design of
intcl-connects between functionally related |[UM
building blocks. in particular, the data transmission
requircments will greatly in fluence the development
of clectrical interconnects technology. Additional
requircments may also include modularity in design
and rework, standardized interfaces with MCMs
and MCM slacks, standardizcd test interfaces. and,
most important, well-defined mass and sizc goals to
be used to guide the selection of materials and
design configurations of the 1UM building blocks,

Once the design rcquirements for the Ncw
Millennium 1UM building blocks arc defined, the
technology nccded to meet thesc requirements will
bc identified. This will be followed by an in-depth
asscssment Of the availability and read incss Of
supporting technologics in the required areas.
Technology development efforts focused on filling
the gaps between what s available and what is
nceded in each area will be performed. 11 iS
anticipated the largest tech nology gaps may be
related 10 the following: (1) sclection and
characterization of advanced lightweight materials
(hat can satisfy muliiplc and often conflicting
requirements related 10 strength, stiffness, thermal
and electrical conductivity and isolation, meteoroid
and radiation protections, mass, size, cost, and
manufacturability;  (2) automation Of (hermal

management and miniature thermal control devices
that can be embedded in thin-walled structures; and
(3) cableless power and data interconnects that arc
compact and reliable and can bc fabricated and
assembled with aminimum amount of touch labor,
and (4) programmable chips for autonomous control
of power, data, and heat flows.  The technology
development efforts will continue  throughout  the
enlire performance per iod of this proposed effort.

Simultaneous to the initiation of focused
technology development, intensive efforts Will be
started to develop hardware design concepts for the
New Millennium UM building blocks,  Trade
studics and optimization o f design concepts will bc
supported by the integrated design environment,
While the form of the final configuration of the
IUM tuilding block iSto be worked OUt, it is clear
that an urgent need exists for a multi-disciplinary
ool suitable for analyzing such an integrated
svstein. Fortunately, such a nced can be satisfied by
cnhancing an existing, well-cgablishcd computer
code.  MIDAS. With  additional  soft ware
development work, it iS possible to USC MIDAS to
string @ sequence Of  structural.  thermal,
interconnectivity, micrometcoroid protection, and
radiation protection analyses together for system-
level  wade  studies  and  intc] -discipiinary
optimization of an integrated product such as alUM
building block.  Incorporation of computational
intelligence in sclected portions of MIDAS will aiso
bc a major- part of this software development.
Additionally, in parallel 10 the development of
integ rated design environment, @ laboratory test
program will bc carricd out to define modeling
paramcters,. verify modeling assumptions, and
validate predicted behavior of the I[UM building
blocks.  In addition to the tests devised to
accotuplish the system-level analysis/test
corrclation, this program will also include materials
characterizations. measurcments of
intercon nectivity, determination of contact forces,
and other tests that arc deemed required for the
development of a versatile and accurate integrated
analysis tool. Once ticV eloped and validated, this
integrated analysis tool can bc used not only to
guide the design and design op[imiz.aien efforts,
but aso 10 accomplish rapid-prototyping of the lUM
building blocks




After all proposed design concepts arc anayzed
and optimized to the maximum extend possible, it
will be relatively straight forward 10 downssclect the
best conceptual design for further development. At
this point, a preliminary design review will be held
and followed by detailed designs and analyses at the
parts level. Engincering drawings that are suitable
for fabrication and assembly will be generated.
During the detailed design phase, infusion of
emerging technologics developed by this and other
technology development cfforts’ will cent inuously
influence the designs and bring about design
refincments. Toward the end of the detailed design
phase, breadboard TUM building blocks will be built
for controlled characterization and performance
assessment. Qualification -level environmental tests
will be performed on the breadboard units to qualify
mechanical  and  clectronic  designs. The
development of a breadboard bui Idi ng blocks will
also serve totry out manufacturing, matcrial
processing, quality control, assembly, and test
procedures. The irregularities and anomalies in
these procedures will beidentified and corrected
prior to the development of the flight [IUM building
blocks.

The fabrication and assembly of the flight JUM
building block or blocks will start after a successful
critical design review. The assembled 1UM
building blocks will be subjected to functional tests
and flight acceptance environment tests at the
individual block level prior tothcir delivery to the
Ncw Millennium Program for integration onto the
spacecraft or instrument.  Technical support to
spacecraft  system-level inlogt-dien  and  test
activitieswill be provided and a final report will be
prepared to summarizc the tcchnical dam, results,
findings, lessons learned and other development
details of the proposed cfTort

[Conclusion

Microspacecraft carrving powcerful miniatured
instruments will enable future NASA science
Missions that must be morc affordable and launched
at a high rate and have significantly higher scicnce
datarcturn, in order tomect the siringent mass.
size, and lifc-cycle cost objectives, many
revolutionary technologics willbe infused into the
design and developmentprocesses of these
microspacecraft. The ITUM tech nology is onc of

such enabling technologies. ~ This paper has
described the UM concept, its applications to future
space flight systems, and a roadmap for its
development and space vaidation.
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